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RI UHVHDUFK LQWHUHVW QRZDGD\V LQYHVWLJDWLRQ LV IRFXVHG RQ WKH VHDUFK RI QHZPL[WXUHV WR XVH DQG DOVR RQ
PRGLILFDWLRQVWRWKHUPRG\QDPLFF\FOHVLQRUGHUWRLPSURYHSHUIRUPDQFHRIDOOWKHV\VWHP
6HYHUDO PL[WXUHV XVLQJ ZDWHU DV UHIULJHUDQW LQ WKH DEVRUSWLRQ FRROLQJ V\VWHPV KDYH EHHQ SURSRVHG




SDUDOOHO LQ VHULHVDQG LQYHUVHUHVXOWV VKRZHG WKDW WULSOHHIIHFW LQSDUDOOHO V\VWHPSURGXFHV EHWWHU&23DQG
WULSOH HIIHFW LQYHUVH V\VWHP KDV WKH ORZHVW PD[LPXP SUHVVXUH DQG WHPSHUDWXUHV >@ ,Q :DQ HW DO
SURSRVHGDQHZWZRVWDJHUHIULJHUDWLRQF\FOHE\XVLQJVRODUOLWKLXPEURPLGHZDWHUDEVRUSWLRQWKH\SURSRVHG
WRPL[OLWKLXPEURPLGHVROXWLRQIURPDKLJKSUHVVXUHJHQHUDWRUZLWKVROXWLRQIURPDORZSUHVVXUHDEVRUEHULQ
RUGHU WR LQFUHDVH OLWKLXPEURPLGHFRQFHQWUDWLRQDW WKHKLJKSUHVVXUHJHQHUDWRUDQGGHFUHDVHSUHVVXUHDW WKH
KLJKSUHVVXUHDEVRUEHU7KHWKHRUHWLFDODQDO\VLVUHVXOWVVKRZHGWKDWWKHKLJKHVW&23LVDQGWKHKLJKHVW
DYDLODEOHWHPSHUDWXUHGLIIHUHQFHJRHVXSWR&DWWHPSHUDWXUHVUDQJHIURP&WR&>@.LOLFHWDO
LQ  FRQGXFWHG D SHUIRUPDQFH DQDO\VLV WKURXJK DPDWKHPDWLFDOPRGHO XVLQJ WKHUPRG\QDPLFV ILUVW DQG
VHFRQG ODZ IRU D RQHVWDJH UHIULJHUDWLRQ F\FOH XVLQJ ZDWHUOLWKLXP EURPLGH UHVXOWV VKRZHG WKDW &23
LQFUHDVHG DV JHQHUDWLRQ DQG HYDSRUDWLRQ WHPSHUDWXUHV JRW KLJKHU RQ WKH RWKHU KDQG &23 GHFUHDVHG DV
FRQGHQVDWLRQDQGDEVRUSWLRQWHPSHUDWXUHVJRWKLJKHU>@,Q*HEUHVODVVLHHWDOPDGHDQH[HUJ\DQDO\VLV
IRU DOO DEVRUSWLRQ V\VWHPV ZRUNLQJ ZLWK ZDWHUOLWKLXP EURPLGH DQG FRQFOXGHG WKDW WKH ODUJHVW H[HUJ\
GHVWUXFWLRQ RFFXUV DW WKH DEVRUEHUV DQG JHQHUDWRUV HVSHFLDOO\ DW KLJKHU KHDW VRXUFH WHPSHUDWXUHV >@
5HJDUGLQJ WR VLPXODWLRQ LQ .DXVKLN HW DO GHYHORSHG D FRPSXWDWLRQDOPRGHOZKLFK FRPSDUHV VLQJOH
HIIHFWV\VWHPDJDLQVWGRXEOHHIIHFWLQVHULHV>@
$V QRWLFHG WKHUH LV VWLOO QR SUHFHGHQW LQ D FRPSDULVRQ RI WKH SHUIRUPDQFH RI VLQJOH HIIHFW KDOI HIIHFW
GRXEOHHIIHFWLQVHULHVDQGLQYHUVHDEVRUSWLRQFRROLQJV\VWHPVRSHUDWLQJZLWKWKHPL[WXUH+2/L%UIRUDLU
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WRWKHORZSUHVVXUHJHQHUDWRU*OSDVVLQJWKURXJKDKHDWH[FKDQJHU+(O$WWKHORZSUHVVXUHJHQHUDWRUSDUW
RIWKH+2HYDSRUDWHVDQGJRHVGLUHFWO\WRWKHKLJKSUHVVXUHDEVRUEHU$KZKLOHD+2/L%UVROXWLRQ
ZLWK KLJK FRQFHQWUDWLRQ LQ /L%U UHPDLQV DQG JRHV EDFN WR WKH ORZ SUHVVXUH DEVRUEHU  $W WKH KLJK
SUHVVXUHDEVRUEHU$KD+2/L%UVROXWLRQZLWKORZFRQFHQWUDWLRQLQ/L%ULVIRUPHGDQGSXPSHGWRWKHKLJK
SUHVVXUHJHQHUDWRU*KSDVVLQJWKURXJKDKHDWH[FKDQJHU1RZDWWKHKLJKSUHVVXUHJHQHUDWRUSDUWRI















































'RXEOH HIIHFW LQYHUVH F\FOH FRPSDUHGZLWK WKH GRXEOH HIIHFW LQ VHULHV F\FOH KDV DQ H[WUD SXPS DQG D
WKURWWOHYDOYHOHVV2QWKHRWKHUKDQGZKLOHWKHGRXEOHHIIHFWLQVHULHVFRQGXFWVWKHVROXWLRQGLUHFWO\IURPWKH
JHQHUDWRU WR WKH&*  LQ WKH GRXEOH HIIHFW LQYHUVH VHH)LJ  WKH VROXWLRQ JRHV IURP WKH JHQHUDWRU
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)LJ  FRPSDUHV WKH FRHIILFLHQW RI SHUIRUPDQFH DJDLQVW JHQHUDWRU WHPSHUDWXUH IRU WKH GLIIHUHQW
FRQILJXUDWLRQVRIWKHFRROLQJV\VWHPV,QWKHILJXUHLWFDQEHVHHQWKDWIRUWKHIRXUF\FOHVWKHFRHIILFLHQWRI
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
)LJ&RPSDULVRQRI&23DJDLQVW7*IRUWKHGLIIHUHQWFRQILJXUDWLRQVRIWKHFRROLQJV\VWHPV
)LJ  VKRZV WKH FRPSDULVRQ RI WKH IORZ UDWLR DJDLQVW JHQHUDWRU WHPSHUDWXUH IRU WKH IRXU V\VWHPV )URP
HTXDWLRQVDQGLWLVFOHDUWKDWWKHIORZUDWLRUHSUHVHQWVWKHIUDFWLRQEHWZHHQWKHPDVVIORZUDWH
SXPSHG IURP WKH DEVRUEHU WR WKH JHQHUDWRU DQG WKHPDVV IORZ UDWH RI UHIULJHUDQW SURGXFHG LW LV JRRG WR
PHQWLRQWKDWWKHDPRXQWRIUHIULJHUDQWSURGXFHGLVUHODWHGZLWKWKHVL]HRIWKHVHODVWFRPSRQHQWV,Q)LJLW
FDQEHVHHQWKDWWKHIORZUDWLRGHFUHDVHVZLWKDQLQFUHPHQWRIWKHJHQHUDWRUWHPSHUDWXUHIRUWKHIRXUV\VWHPV





EHREVHUYHGWKDWIRUWKHVHVSHFLILFFRQGLWLRQV7* Û&DQG7$ 7& Û&WKHRSHUDWLQJUDQJHRIKDOI
HIIHFWV\VWHPLVYHU\OLPLWHGEHFDXVHLWVHYDSRUDWRUWHPSHUDWXUHJRHVIURP&WR&PHDQZKLOHWKHVLQJOH
HIIHFW V\VWHP FDQ RSHUDWH EHWZHHQ  Û& DQG  Û& $OVR LW FDQ EH REVHUYHG WKDW WKH FRHIILFLHQWV RI

















HIIHFW V\VWHP FDQ RSHUDWH DW KLJK FRQGHQVHU DQG DEVRUEHU WHPSHUDWXUHV XS WR  Û& ZKLFK OHDGV WR DQ
DGYDQWDJH IRU WKHVHV\VWHPV EHFDXVH WKH\DUHVXLWDEOH IRUKRWSODFHV VLQFH7&DQG7$DUH UHODWHGZLWK WKH
DPELHQWWHPSHUDWXUHGHVSLWHRIWKHLUGLVDGYDQWDJHRIORZFRHIILFLHQWVRISHUIRUPDQFH
,QWKH)LJE LW FDQEHVHHQ WKDWWKHKLJKHVWFRHIILFLHQWVRISHUIRUPDQFHDUHREWDLQHGZLWKWKHGRXEOH









5HVXOWV IURP WKLVZRUNVKRZHG WKDW WKHKLJKHUFRHIILFLHQWVRISHUIRUPDQFHDUHREWDLQHGZLWKWKHGRXEOH
HIIHFWV\VWHPVEHWZHHQDQGIROORZHGE\VLQJOHHIIHFWV\VWHPVEHWZHHQDQG7KHORZHVW
FRHIILFLHQWVRISHUIRUPDQFHDUHUHDFKHGE\KDOIHIIHFWV\VWHPVEHWZHHQDQGKRZHYHUWKH\UHTXLUH
JHQHUDWRU WHPSHUDWXUHV EHWZHHQ  Û& DQG  Û&PHDQZKLOH GRXEOH HIIHFW V\VWHPV UHTXLUH WHPSHUDWXUHV
DERYH & LQ JHQHUDWRU 7KHQ LW FDQ EH VHHQ WKDW DQ DGYDQWDJH RI KDOI HIIHFW V\VWHP LV WKH ORZ
WHPSHUDWXUHVUHTXLUHGLQJHQHUDWRUQRWWRPHQWLRQWKDWWKH\FDQRSHUDWHLQKRWFOLPDWHV2QWKHRWKHUKDQG
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WKH VLQJOH HIIHFW V\VWHP FDQ RSHUDWH DW PRGHUDWHG JHQHUDWRU WHPSHUDWXUHV EHWZHHQ  Û& DQG  Û&
UHDFKLQJUHDVRQDEOHFRHIILFLHQWRISHUIRUPDQFHYDOXHV
&RPSDULQJ GRXEOH HIIHFW V\VWHPV EHWZHHQ WKHP LW ZDV REVHUYHG WKDW WKH KLJKHVW FRHIILFLHQW RI
SHUIRUPDQFHLVREWDLQHGZLWKWKHGRXEOHHIIHFWLQVHULHVV\VWHP$OVRWKLVFDQRSHUDWHZLWKDKLJKHUUDQJHRI
FRQGHQVHUDQGDEVRUEHUWHPSHUDWXUHVWKDQWKHGRXEOHHIIHFWV\VWHPLQYHUVH
$PRQJ DOO FRQILJXUDWLRQV WKH VLQJOH HIIHFW V\VWHP LV WKH RQH WKDW UHTXLUH WKH PLQLPXP QXPEHU RI
FRPSRQHQWVWRRSHUDWHDQGWKHUHIRUHLWLVWKHVLPSOHVWDQGOHVVH[SHQVLYH
$FNQRZOHGJHPHQW
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